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® A computer graphics system and method for auto-tesselating graphic objects. 

Disclosed is a connputer graphics system and 
method employing an auto-tesselation feature. The 
computer graphics system comprises an input de- 
vice for entering a first command indicative of a 
object to be displayed. The computer graphics sys- 
tem further comprises a first means for displaying 
the object at a resolution level. The computer graph- 
ics system further comprises a second means for 
automatically increasing the resolution level of the 
object in the absence of an interrupt command. 
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The present invention relates generally to conn- 
puter graphics systenns. More particularly, the 
present invention relates to a system and nriethod 
for adjusting the quality of computer graphic im- 
ages. 

Computer graphics systems are widely used 
by designers to design objects such as airplanes, 
tooling, molecular models, and the like- 
Conventional computer graphics systems gen- 
erally employ what are commonly known as primi- 
tives to create both two-dimensional and three- 
dimensional objects. The objects are made up of 
"facets." Many computer graphic systems use 
polygon facets or triangular facets to represent the 
object. 

The number of facets used to represent an 
object, are indicative of the quality of the resultant 
displayed image. The more facets which are used 
to represent the object, the higher the quality (or 
resolution) of the image. However, the higher the 
quality of the image, the more time it takes for the 
computer graphics system to render the object- 
Conventional computer graphics systems do not 
provide a balance between these conflicting design 
goals. 

It is therefore an object of the invention to 
provide an improved computer graphics system 
and an improved method for displaying objects on 
a computer graphics system. 

The object of the invention is solved by apply- 
ing the features laid down in the independent 
claims. 

The present invention is a computer graphics 
system and method that provides the designer with 
more flexibility when creating objects. In particular, 
the computer graphics system of the present in- 
vention allows the designer to balance two conflic- 
ting design goals: (1) rendering an object at high 
resolution versus (2) how much time it takes for the 
computer graphics system to render the object. 
This balance is realized by integrating an auto- 
tesselation feature into the conventional computer 
graphics system. 

For example, a designer may want to render an 
object composed of 10,000 spheres as a "cruder" 
rendition, where the spheres are rendered as line 
segments. This allows the user to rotate the model 
in real-time. However, when no modifications are 
made to the object, the designer may want the 
object to be displayed as a high quality image. The 
auto-tesselation feature of the present invention 
provides this design advantage. 

In one embodiment, the computer graphics 
system of the present invention comprises an input 
device for entering a first command indicative of an 
object to be displayed. The computer graphics 
system further comprises means for displaying the 
object at a default object resolution level N. The 



computer graphics system further comprises 
means for automatically increasing the resolution 
level of the object if a second command is not 
entered into the input device within a time period 
5 T. Such interrupt command may be that of rotating, 
scaling, or sectioning the object. The time period T 
may be set to suit the designer's needs. 

As such, if the present invention does not de- 
tect an interrupt command (such as mouse motions 
10 or key presses on the keyboard) for a certain short 
duration of time (e.g. 3 seconds), it will enter a re- 
tesselation mode whereby the object is produced 
in a higher quality rendition. If the present inven- 
tion, however, detects a rotation command or other 
75 interrupt command, the object created as a result 
of the interrupt command is down-tesselated (re- 
created at a lower quality rendition). 

As will become appreciated by those of skill in 
the art, the present invention makes optimum use 
20 of the designer's and computer's time, and ensures 
that the best possible picture is presented. Addi- 
tionally, the present invention may have great value 
in virtual reality systems where a user simply 
gazes at an object, waits, and the object is re- 
25 rendered at the higher quality resolution. 

The foregoing and other objects, features and 
advantages of the invention will be apparent from 
the following more particular description of (a) pre- 
ferred embodiment(s) of the invention, as illustrated 
30 in the accompanying drawing(s). 

The following detailed description will be more 
fully understood with reference to the accompany- 
ing drawings in which: 

FIGURE 1 is a block diagram showing the 
35 computer graphics system of the 

present invention employing an 
auto- tesselation module; and 
FIGURE 2 is a flow chart showing the opera- 
tion of the computer graphics 
40 system. 

Referring first to FIGURE 1, where a block 
diagram of the computer graphics system 100 is 
shown. Computer graphics system 100 comprises 
an input device 102 connected along a bus 104 to 
45 a host computer 1 06. 

Input device 102 is configured to allow a de- 
signer to enter commands to the host computer 
106. Typically, the designer will create an input file 
indicative of the object to be created. The input 
50 device 102 may consist of well known input de- 
vices such as a mouse, joy stick or key board. 

Host computer 106 is configured to perform 
numerous general purpose graphic related tasks. In 
principal, host computer 106 comprises an object 
55 creation module 110 and an auto-tesselation mod- 
ule 112. In the preferred embodiment, the host 
computer 106 is an IBM RISC System 3000 work- 
station. 
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Object creation module 110 is configured to 
create objects such as splieres and the like, using 
well known primitives. The primitives create such 
objects at a specified default tesselation level (also 
referred to as "object resolution level"). Although 
not necessarily, such objects are typically pre- 
stored in an object "library." The object, along with 
other user defined instructions, (such as a scale 
factor or shading factor) are passed to a graphics 
device 116 along a bus 114 for further processing 
prior to rendering. 

The graphics device 116 is a conventional 
graphics device configured to perform complicated 
graphics renderings tasks such as scaling, transla- 
tion, rotation, and shading. Such tasks are per- 
formed using well known software and/or firmware 
and/or hardware packages which make up the 
graphics device 116. The graphics device 116 re- 
ceives the data from the host computer 106 along 
bus 114 and any additional information that is nec- 
essary to properly display the object. The graphics 
device 116 outputs such data to a display device 
120 along a bus 118 where the object is rendered. 

The graphics device 116 may take the form of 
a number of well known graphics devices. In the 
preferred embodiment, graphics device 116 is a 
high-performance 3-D color graphics processor, 
compatible with the IBM RISC System 3000. 

The auto-tesselation module 112 will now be 
described. The auto-tesselation module 112 is con- 
figured upon the occurrence of certain conditions 
(to be described), to automatically Instruct the ob- 
ject creation engine 110 to re-create the previously 
rendered object with an increased object resolution 
level (higher quality level). The re-created object is 
then outputted to the graphics engine 116 along 
with the other user parameters where it is further 
processed for rendering on the display device 120. 

Referring now to FIGURE 2, where a flow chart 
shows the operation of the computer graphics sys- 
tem 100 and particularly the operation of the auto- 
tesselation module 112. A start block 202 initializes 
operation of the computer graphics system 100. 
Control is then passed along a logic path 204 to an 
operational block 206. 

As denoted by operational block 206, the com- 
puter graphics system 100 and particularly the host 
computer 106 is configured to monitor the input 
device 102 for a user command requesting an 
object to be rendered. Such a command will typi- 
cally include a parameterized description of an 
object, including the type of object (a sphere, cyl- 
inder, etc.), the size object, the orientation of the 
object, and the shading of the object. In the pre- 
ferred embodiment, the user will also specify a 
default object resolution level N for which the ob- 
ject will be rendered. The object resolution level N 
determines the number of facets used in comput- 
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ing the object's structure. The high the value of N, 
the higher the object resolution level. Control is 
then passed along a logic path 208 to operational 
block 210. 

5 As denoted by operational block 210, the ob- 

ject description Inputted by the user is passed to 
the object creation module 110. The object creation 
module 110 is configured to compute the object's 
structure based on the information provided by the 
10 designer. 

As shown by a logic path 216 and a decisional 
block 218, while the object*s structure is being 
computed, Interrupts from the input device are 
monitored. If during the object computation, an 

75 Interrupt Is received, the object creation module 
110 is exited and no object is passed to the graph- 
ics device 116. Control is then passed along a 
logic path 227 to an operational block 224 where 
the interrupt command is executed. Control is then 

20 returned along a logic path 226 to operational block 
210 where the object of the command is re-com- 
puted . 

However, as indicated by a logic path 220.. if 
no interrupt is encountered, the object creation 

25 module 110 computes the entirety of the object. 
Control is then passed along a logic path 212 to an 
operational block 214. 

As shown by operational block 214, the com- 
puted object Is outputted by the object creation 

30 module 110 to the graphics device 116 where the 
object is further manipulated to properly render the 
object on the display device 120. Control is then 
passed along a logic path 228 to a decisional block 
230. 

35 As shown by decisional block 230, the com- 

puter graphics system 100, and more particularly 
the auto-tesselation module 112, is then configured 
to monitor whether an interrupt is received within 
defined time period T, The time period may be 

40 arbitrarily specified by the designer. By way of 
example only, the time period T may be 5 sec- 
onds. 

If an Interrupt is received within the time period 
T, control Is passed along a logic path 232 to 

45 operational block 224 where the Interrupt command 
Is executed. As stated before, such interrupt com- 
mands may be that of a translation and/or rotation 
of the object or a creation of a new object. 

If no interrupt is received, control is passed 

50 along a logic path 234 to an operational block 236. 
As denoted by operational block 236. the auto- 
tesselation module 112 is configured to instruct the 
computer graphics system 100 and particularly the 
object creation module 1 1 0 to re-create the object, 

55 but with an increased object resolution (an in- 
creased amount of facets). In other words, the 
same object description is used but the default 
object resolution level N is increased by a speci- 
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fied amount N + . 

In the preferred embodiment, the designer may 
initially define the delta increase in object resolu- 
tion N + . Control is then returned along a logic path 
238 to operational block 210 where the object is re- 
computed using the increased object resolution 
level N + . 

As shown, the object is continually re-created 
with increased object resolution levels N+ until an 
interrupt command is received. In the preferred 
embodiment, however, the object is re-created up 
to a maximum resolution perceptible by the human 
eye. This limit may be fixed or specified by the 
designer. 

As can be appreciated from the above descrip- 
tion, the computer graphics system of the present 
invention allows the designer to design an object at 
a low object resolution level and thus render the 
object quickly. The designer can then work on the 
object, modifying it and thereafter rendering it 
quickly. However, when the designer is not per- 
forming modifications to the object, the object is 
rendered at a higher quality image, thus providing 
the designer with a more realistic perspective of 
the image. 

The sensitivity at which the auto-tesselation 
module 112 monitors for an interrupt is an impor- 
tant aspect of the present invention. A possible 
problem encountered when implementing the auto- 
tesselation module 112 occurs when an object is in 
the process of being up-tesselated (more facets 
triangles, polygons etc. are used to form the ob- 
ject), and the user interrupts this process by enter- 
ing a command. In the preferred embodiment, dur- 
ing this re-creation process, an interrupt is checked 
at multiples of 100 primitive draws. In other words, 
as the object creation module 110 is recomputing 
the increased resolution of the object, after the 
creation of every 100 facets a check is made to 
determine whether an interrupt command has been 
entered. Querying the mouse too often slows down 
the graphics. Querying too seldom does not pro- 
vide a fast enough interrupt. The 100 primitive 
draws was arrived at empirically and can be ad- 
justed for different systems and different users. 

Furthermore, in the present invention acciden- 
tal movements of the mouse are filtered by 
querying the amount of mouse movement. For 
example, a small mouse movement may be filtered 
such that it will not trigger the interrupt. 

The foregoing description is intended primarily 
for purposes of illustration. The auto-tesselation 
feature embodied by auto-tesselation module 112 
of the computer graphics system 100 has been 
described heretofore as operating within a specific 
environment of components/sub-systems. It will be 
obvious to one of ordinary skill in the art that the 
auto-tesselation feature of the present invention 



could be easily implemented with other computer 
systems and/or components. Likewise, the auto- 
tesselation feature of the computer graphics sys- 
tem 100 could be embodied in other forms or 

5 carried out in other ways without departing from 
the spirit or scope of the present invention. By way 
of example only, the present invention could be 
applied to objects created from curves such as 
spline functions. In other words, in the present 

10 invention it does not matter how the object is 
created. Modifications and variations still falling 
within the spirit or the scope of the invention will be 
readily apparent to those of ordinary skill in the art. 

75 Claims 

1. A computer graphics system for rendering ob- 
jects, the system comprising: 

(a) an input device for entering a first com- 
20 mand indicative of an object to be dis- 
played; 

(b) first means for displaying said object at 
a resolution level; and 

(c) second means for automatically increas- 
25 ing said resolution level of said object. 

2. The system of claim 1 , wherein said resolution 
level automatically increases if a second com- 
mand is not entered into said input device 

30 within a time period T, wherein said second 

command preferably is that of rotating the ob- 
ject and/or said time period preferably is five 
seconds. 

35 3, A computer graphics system for rendering ob- 
jects, the system comprising: 

(a) a first module configured to display an 
object at a resolution level in response to a 
first command; and 

40 (c) a second module configured to automati- 

cally increase said resolution level of said 
object. 

4. The system of claim 3, wherein said second 
45 module is further configured to automatically 

Increase said resolution level if a second com- 
mand is not received by the computer graph- 
ics system within a time period T. 

50 5. The system of claim 3 or 4, wherein said time 
period T can be arbitrarily specified. 

6. The system of any one of the claims 3 to 5. 
wherein said time period T is five seconds. 

65 

7. The system of any one of the claims 3 to 6, 
wherein said command is that of rotating said 
object. 
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8. A method for displaying objects on a computer 
graphics system, the method comprising the 
steps of: 

(a) monitoring whether a first command has 
been entered on an input device; £ 

(b) displaying the object on a display device 
at a resolution level in response to said first 
command being entered into said input de- 
vice; 

(c) monitoring whether a second command u 
has been entered into said input device; 

and 

(d) automatically increasing said resolution 
level of said object if said second command 

has not been entered Into said input device 75 
with a first time period T. 

9. The method of claim 8 further comprising the 
step continually increasing said resolution level 

of said object if said second command has not 20 
been entered Into said input device within a 
second time period T. 

10. The method of claim 8 or 9. wherein step (d) 
further comprises the step of automatically 25 
changing said resolution level of said object if 
said second command has not been entered 

into said Input device within 5 seconds. 
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® A computer graphics system and method for auto-tesselating graphic objects. 



0 

Disclosed is a computer graphics system and 
method employing an auto-tesselation feature. The 
computer graphics system comprises an input de- 
vice for entering a first command indicative of a 
object to be displayed. The computer graphics sys- 
tem further comprises a first means for displaying 
the object at a resolution level. The computer graph- 
ics system further comprises a second means for 
automatically increasing the resolution level of the 
object In the absence of an interrupt command. 
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